SKYLAB orbits. Truncation of the models to degree and order ei ght did not eliminate the long wavelength variation, but is every case thr, Lino agreement between satellite and altimeter geoids was improved. Orbits computed with the truncated models were in contrast found to be inferior to thcde computed using the complete models. Comparison of SAO-III and 'IAO-Ill (R, R) (most orbits use4 for gravity field recovery have perigee heights -)f 500 to 1100km) the fine structure of the gravity field is attenuated and Cie short wave-]ength features cannot he derived.
As a further refinement to the technique of using artificial satellites to definf the global geoid, a new method, radar -Atimetry, has been developed for directly measuring the distance from the satellite to the ocean surfrtce. The first satellite-borne radar altimeter experiment was carried out during the recent SKYLAB mission. Analyses of the SKYLAB radar altimeter delta demonstrated that the instrumentation had the capability For sea surface mapping (McGoogan et al. , 1975) . Consequently the altimeter data provides :in independ- pass of SKYLAB alt' Meter data and the GSFC G_ -M-6 detailed gravimetrie geoid.
The rms agreement between the two data types was R m. The present paper represents an extension of this work throul i, she use of more recent GSFC gravity models as well as the use of gravity models published by other organizations.
COMPARISONS OF THE SATELLITE; DERIVED GEOIDS WITH 'I'IfF
SKYLAB ALTIbfE:TER DATA
The results of a previous analysis (Marsh and Vincent, 1974) During the SKYLAB-4 mission, the altimeter was operated over an "around the world" ground track starting off the coast of Brazil and ending in the Caribbean Sea. This revolution covered areas %%, here large differences were observ,-d in the geoid comp:irisons mentioned above. Figure 1 presents the ground track of the SKYLAB pass superimpcsed on a contour map of the geoid height differences between two of tine gravity models that resulted from the National Geodetic Satellite Program. The differences shown are between the GSFC GEM-6 (Lerch et al. , 197:.5) anal the SAO-111 (Gaposchkin, 1974) models. ind the recent GSFC preliminary GEM-8 model (Lerch, 1975) with the altimeter geoid profile. The GEM-8 model (complete to degree and order 25) is a refinement of the GEM-6 model (complete to degree and order 16) through the addition of 66,000 laser observations recorded during the International Satellite Geodesy Experiment (ISAGEX).
The geoid profile in Figure 2 traverses four significant features:
(1) a high in the Indian Ocean southeast of the Republic of South Africa,
(2) an extension of the India., low west of Australia, (3) a high over New Guinea, and (4) the geoidal undulations associated with the Aleutian Islands. As sect in Figure 2 , the overall agreement between the altimeter geoid and the others is good. However, significant depar!urem are noted at some points, specifically in the area of the four main features. The following four figures illustrate thet,e departures in more detaii. The GEhI -6 model indicates a variation of 108 meters :tnd GEM-9 shows an improvement over GEM-6 with it of 115 meters. A short wavelength (-1000km) feature with an amplitude of about ten meters was detected by the altimeter at 15"42 01 in the vicinity of Yap Island. Of the three gravity models, only GEM-8 exhibited even a trend in the direction of this feature.
In Figure 5 it comparison in the vicinity of the Aleutian Islands is presented.
GEM-9 models the location of this feature most accurately. In the case of the GEM-6 and SAO-111 models, a displacement of approximately 10° along track is noted over the high.
Additional geoid comparisons presented by Marsh and Vincent 119741 indicated that better agreement was achieved between the gravity models when they were truncated at (12, 12) and (8, 8) . Since independent data were not available at that time it was difficult to assess the accuracy of the geoids derived from the truncated gravity models. figure 6 presents a comparison I)etween the geoids derived from the SAO-III complete model, the 8) model and the altimeter geoid over the geoid high southeast of the Republic of South Africa.
Note that the truncated SAO-II1 model does not contain the short wavelength oscillations exhibited by the complete SAO-111 model and :agrees significantly better with the altimeter geoid in this area. 'rhus it is evident that the hig;he, deg-ee aad order coefficients are providing; more ck-tail in the geoid in this geographic area thin is actually present. As an attempt to further investigate these differences, a geoid was derived from the SAO-III model :;fter deleting; resonant coefficients of order 11 through 15. Little change was noted in this geographic area between the geoid derived from this model and the one deriv, + from the complete model. Thus r sot.:int coefficient error Is not contributing to the large vari>>tions.
As ;mother means of analyzing the t v 'Ofecences hctween Vie satellite geolds and the altimeter data, rms differences were calculated based u pon 49 points along the profile. Table 1 Table 2 gives the sp-cifications of the SL-4 orbital are studied in this paper. be serious problems because of the low orbital altitude and large area. flowever, the area to mass ratio is suite low 10.0:3cm 2 /g, which is less than for CE08-1) so that these effects in the radial direction are negligible.
ACCURACY OF TIIE SL-4 ORBIT
Error propagation studies were c^irried out for the effects of gravity n ► odel and station coordinate errors. The gravity model error was taken as 2 5% of the difference between the APL 3-5 :in' SAO 1969 gravity models (Mardi and Roy, 172) . Although this error model was established primarily for the GEOS-11 satellite orbit, simulations have shown that the SKYLAB range-rate residuals predicted by this model are in good agreement with the residuals actually obtwined in the orbit fitting process, providing a check on this error model °ta-tion coordinate errors of 5 meters in each coordinate and ..n error of I part in 106 in GM were assumed in these simulations. The rss propagation of the gravity model and station coordinate errors into the radial orbit comronent is coordinate errors contributed generally less than 50cm to the radial uncertainty.
The UM error produced the mean radial uncertainty of nbosit 2. 9 m with a variation of about t15em with n frequercy slightly less than the orhital frequency.
The mean difference would not he separable from ether error sources much as an altimeter calibration error or a scale error in the gravimetric geoid. The *15cm variation i g small in comparison to the accuracy of the SKYLAB altimeter data, nevertheless it represents an error source which must be considered for future altimeter missions such as SEASAT where locm accuracy is sought.
In addition t'r ci 9e sitimlationN, comparisons have also been inade with different gr.1vity models used to determine the SKYLAB orbit. 8, 9) . 71'r-uncation of the GEM -1, Lerch et al., 1972, GEM-7 and GEM -S models resulted in an int-ronap of the rms fits. In contrast truncation of the SAO-III model produced a reduction of almost 50`x, in the rms fit. It is for this reason that SAO-111 orhits were not used for geoid comparisons.
CONC LUSIONS
Our analysis has revealad that the altimeter vs. gravity model geoid differences were caused by several factGr9, inebiding differences in the amplitudes of features, dislocation of features !c.itich it turn affects the ;^niplitudc of the geoid at a specific point on the su.
•face of the earth) and the presence of superfluous detail in certain geographic areas. Clearly the altimeter data from GF.OS-C will lead to s major refinement of the fine details of ^he gek;;ct.
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